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(54) Implantable medical device with integrated antenna system

(57) The present invention is related to active im-
plantable medical devices comprising an antenna and a
band diplexer connected to said antenna. The band
diplexer comprises first filter means for a first signal to
be transmitted and/or received in a first RF band and
second filter means for a second signal to be transmitted
and/or received in a second RF band. A method of bidi-
rectional wireless communication is disclosed between

an active implantable medical device and an external de-
vice, comprising the steps of: communicating unidirec-
tionally from the external device to the implantable med-
ical device over a first wireless link in a first RF band in
the MI near-�field and communicating unidirectionally
from the implantable medical device to the external de-
vice over a second wireless link in a second RF band in
the EM field.
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Description

BACKGROUND

Field of the Invention

�[0001] The present invention relates generally to im-
plantable medical devices and, more particularly, to an
implantable medical device having an integrated antenna
system.

Related Art

�[0002] The efficacy of certain implantable medical de-
vices has improved dramatically over the last few dec-
ades. As such, the type medical devices and the range
of functions performed by implantable medical devices
have increased over the years. For example, implantable
medical devices may include an instrument, apparatus,
appliance, material or other article, whether used individ-
ually, collectively or in combination with any accessory
or software for its proper functioning, intended to be used
to, for example, perform diagnosis, prevention, monitor-
ing, treatment or management of a disease or injury or
symptom thereof; to investigate, replace or modify of the
anatomy or of a physiological process; or to control con-
ception, and which does not achieve its principal intended
action, and which may be assisted in its function by, phar-
macological, chemical, immunological or metabolic tech-
niques and substances.
�[0003] An active medical device is any medical device
relying for its functioning on a source of electrical energy
or any source of power other than that directly generated
by the human body or by gravity. An active implantable
medical device (AIMD) is any active medical device
which is intended to be totally or partially introduced, sur-
gically or medically, into the human body or by medical
intervention into a natural orifice, and which is intended
to temporarily or permanently remain in the patient after
the procedure.

SUMMARY

�[0004] In accordance with one aspect of the present
invention, an implantable medical device is disclosed,
comprising: an internal antenna at which RF signals are
transmitted to and/or received from one or more external
devices; and a band diplexer, connected to the internal
antenna, comprising: a first filter configured to filter for a
differential- �mode first signal to be transmitted and/or re-
ceived in a first RF band, and a second filter configured
to filter for a second signal to be transmitted and/or re-
ceived in a second RF band, wherein the common-�mode
second RF band is higher in frequency than the differen-
tial-�mode first RF band.
�[0005] In accordance with another aspect of the inven-
tion, an implantable medical device having an implanta-
ble component configured to receive and/or generate in-

ternal data and/or power signals, is disclosed, the device
comprising: an implantable antenna at which external ra-
dio frequency (RF) signals are transmitted to and/or re-
ceived from one or more devices positionable external a
patient’s body; and a reciprocal frequency multiplexer/
filter circuit configured to concurrently frequency-�filter
high- and low- �frequency external RF signals received by
the implantable antenna, and to concurrently frequency-
multiplex common-�mode high- �frequency RF signals and
differential- �mode low-�frequency RF signals to form high-
and low-�frequency external RF signals, respectively, for
transmission to the one or more external devices via the
internal antenna, the common-�mode high-�and differen-
tial-�mode low-�frequency RF signals corresponding to the
internal signals generated by the implantable compo-
nent.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0006] Embodiments of the present invention are de-
scribed herein with reference to the accompanying draw-
ings in which:
�[0007] FIG. 1A is a schematic block diagram of an im-
plantable medical device according to one embodiment
of the present invention;
�[0008] FIG. 1B is a more detailed schematic block di-
agram of the implantable medical device illustrated in
FIG. 1A;
�[0009] FIG. 2 is an amplitude versus frequency graph
representing the low-�pass and high-�pass characteristics
of the band diplexer illustrated in FIG. 1, in accordance
with one embodiment of the present invention;
�[0010] FIG. 3 is a schematic block diagram of the im-
plantable medical device illustrated in FIGS. 1A and 1B,
depicting exemplary embodiments of the reciprocal fre-
quency multiplexer/ �filter and an open-�ended antenna
matching circuit for the implantable antenna, in accord-
ance with one embodiment of the invention;
�[0011] FIG. 4 is a schematic block diagram of the im-
plantable medical device, in accordance with an alterna-
tive embodiment of the present invention;
�[0012] FIG. 5 is a simplified perspective view of a co-
chlear implant comprising an active implantable medical
device (AIMD) and external devices, in accordance with
an embodiment of the present invention; and
�[0013] FIG. 6 is a simplified perspective view of a co-
chlear implant comprising an active implantable medical
device (AIMD) and external devices, in accordance with
an alternative embodiment of the present invention.

DETAILED DESCRIPTION

�[0014] The present invention relates generally to an
active implantable medical device (AIMD) having an in-
tegrated antenna system that enables wireless commu-
nication between external devices and the implantable
device.
�[0015] The increased use of wireless communication
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in and miniaturization of active implantable medical de-
vices demands innovative, consistent and reliable de-
signs of radio frequency (RF) system blocks and anten-
nas. AIMDs are often shielded with a screening of titani-
um or other biocompatible material to decrease their vul-
nerability for trauma. As is well known in the art, antennas
are generally positioned by preference outside any elec-
trical or ferromagnetic shielding encapsulation of the im-
planted device to attain high efficiency power transfer
and high reliability data transfer. Accordingly, the titanium
RF shielding forces to position any type of antenna out-
side its shielding encapsulation.
�[0016] The antenna characteristics for receiving ener-
gy are essentially the same as for transmission due to
antenna reciprocity. A time- �varying electrical current
flowing in an antenna produces a corresponding electro-
magnetic field configuration that propagates through
space in the form of electromagnetic waves. The total
field configuration produced by an antenna may be de-
composed into a far-�field component, where the magni-
tudes of the electric and magnetic fields vary inversely
with the distance from the antenna, and a near-�field com-
ponent with field magnitudes varying inversely with high-
er powers of the distance. The field configuration in the
immediate vicinity of the antenna is primarily due to the
near- �field component (for example, magnetoinductive
(MI) radio, Near Field Communication), while the field
configuration at greater distances is due solely to the far-
field component, also known as the electromagnetic far
field propagation (electromagnetic radiation).
�[0017] The EM far field propagation may be physical
explained by the decomposed E- �field and H- �field com-
ponents of the EM field, maintaining each other and form-
ing planar waves. The MI field is a non-�propagating quasi-
static magnetic field and has very high field roll-�off be-
haviour as a function of distance. Hence, the MI field is
relevant only in the near-�field. The electromagnetic (EM)
field may be decomposed into a near- �field component
and a far-�field component. The power of a plane wave in
the EM far- �field rolls off as a function of the inverse of
the square of the distance from the source. The EM near-
field may further be decomposed into an EM reactive
near- �field and an EM radiating near- �field. As such, as
used herein the term "far- �field" refers to "EM far-�field,"
while the term "near- �field" refers to either or both an MI
near-�field and an EM near-�field, and the term "reactive
near- �field" refers to either or both an MI field and a reac-
tive EM near- �field.
�[0018] An antenna implemented in embodiments of
the active implantable medical device of the present in-
vention comprises one or loops of an electrical conductor
such as used in a coil antenna, loop antenna, etc. Such
antennas are generally and collectively referred to herein
as a closed- �wire antenna. An external coil antenna may
be coupled to such an internal coil antenna to transfer
data such as telemetry, control data, signalling data and
audio streaming. The data transfer with these types of
antennas occurs in the MI near-�field and at relatively low-

er frequencies such as, for example, frequencies below
15 MHz. In the MI near-�field, coil antennas are closely
coupled and may also be used to transfer power to the
AIMD.
�[0019] Communication in the far- �field may utilize an
open-�ended antenna tuned at a higher frequency band
such as, for example, greater than 50 MHz, relying on
propagating electromagnetic field characteristics. Exam-
ples of such an antenna include monopole and dipole
antennas. An open- �ended wire antenna most efficiently
radiates energy if the length of the antenna is the sum of
a quarter wavelength and an integral number of half-
wavelengths of the driving signal. A dipole antenna, for
example, is a conductor which has a total length equal
to half the wavelength of the driving signal with its feed
point in the middle. A monopole antenna may be a con-
ductor with a length equal to one-�quarter the wavelength
of the driving signal situated with respect to a reflecting
ground plane so that the total emitted and reflected field
configuration resembles that of the dipole antenna. As
described herein, embodiments of the present invention
implement an antenna matching circuit to alter the effec-
tive electrical length of an antenna by adapting it with
additional capacitance or inductance. This is described
in greater detail below.
�[0020] Aspects and embodiments of the present inven-
tion are generally directed to integrating an open-�ended
(EM-�field) antenna into a closed- �wire (near-�field) anten-
na so as to obtain one single physical antenna which is
able to concurrently operate over two separate frequency
bands. The combined antenna allows for the establish-
ment of concurrent bidirectional data communication
links over a first, lower radio frequency band and over a
second, upper radio frequency band. The two bands may
be used simultaneously or consecutively in time for bidi-
rectional communication between the AIMD and external
devices operating in the lower RF band and the upper
RF band. In certain embodiments of the invention, the
combined antenna allows for the establishment of a for-
ward unidirectional data communication link over a first,
lower RF band (for example, from the external device
towards an AIMD) and a backward unidirectional data
communication link over a second, upper RF band (for
example, from an AIMD towards an external device).
�[0021] The first, lower radio frequency band lies pref-
erably below 30 MHz, more preferably below 15 MHz.
The second, upper frequency band lies preferably well
above 15 MHz, more preferably well above 50 MHz (e.g.
on the order of a few GHz). For the purposes of the
present invention, the upper RF band signals are signals
in the VHF (very high frequency), UHF (ultra high fre-
quency), or higher frequency range.
�[0022] FIG. 1A is a schematic block diagram of an ac-
tive implantable medical device according to one embod-
iment of the present invention. Active implantable med-
ical device (AIMD) 100 comprises a single implantable
antenna 180. Antenna 180 is physically formed, in this
illustrative embodiment, by a closed electrical loop with
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one or multiple windings. Such an antenna is referred to
herein as a closed-�wire antenna. As one of ordinary skill
in the art will find apparent from the description herein,
antenna 180 has both the properties of a closed-�wire loop
antenna and of an open-�ended wire antenna. Antenna
180 is located outside of a shielding encapsulation 150
of AIMD 100, and is implanted beneath skin 200 of a
patient or recipient.
�[0023] To perform its dual band role, antenna 180 is
connected to a reciprocal frequency multiplexer/�frequen-
cy filter 140. Antenna 180 operates furthermore in com-
bination with a ground plane 151 which, in the illustrative
embodiment, is integrated into shielding encapsulation
150. AIMD 100 further comprises an open-�ended anten-
na matching unit 120 (FIG. 3), an upper band transceiver
110 and lower band transceiver 130, each of which are
described in detail below. As is well-�known to those of
ordinary skill in the relevant art, a transceiver comprises
a receiver and transmitter, and processes radio frequen-
cy signals that are received and/or that are to be trans-
mitted. Transceivers 110 and 130 may be provided with
inputs and outputs for receiving and transmitting analog
and/or digital data and power signals to the other implant-
ed components of AIMD 100. As one of ordinary skill in
the art would appreciate, in alternative embodiments, ei-
ther one or both transceivers 110, 130 are solely a re-
ceiver and/or solely a transmitter.
�[0024] For communicating a relatively high-�frequency
RF signal over an upper RF band, antenna 180 behaves
as a monopole element with an asymmetrical RF power
hot-�feed point at both coil ends and a feeder ground at-
tached to ground plane 151. As noted, in this embodi-
ment, ground plane 151 is the electrical shielding of im-
plant encapsulation 150. In an alternative embodiment,
ground plane 151 may be any printed circuit board (PCB)
ground. This may be implemented, for example, when
implant encapsulation 150 is unshielded. As one of ordi-
nary skill in the relevant art will find apparent from the,
matching unit 120 is configured to place antenna 180 for
the upper RF band into resonance and optimum imped-
ance. This is described in further detail below.
�[0025] For communication over the lower RF band, an-
tenna 160 behaves as a closed- �wire loop, preferably with
a symmetrical feed point. Current from lower RF band
transmitter 130 through antenna 160 generates a mag-
netic field. This magnetic field is set up in accordance
with the Biot-�Savart law, which describes magnetic field
set up due to a steady flowing line current in a current
wire element or steady current density (magneto-�statics).
The signal applied to lower RF band receiver 130 is a
voltage induced in the loops of antenna 180 that is pro-
portional to the change of magnetic flux. As one of ordi-
nary skill in the art would appreciate, this is based on
Faraday’s law.
�[0026] Circuit 140 comprises a filter (not shown in FIG.
1) for the upper radio frequency band. In one embodi-
ment, this filter is a high-�pass filter. In an alternative em-
bodiment, this filter is a band-�pass filter. Other embodi-

ments are contemplated. Circuit 140 also comprises a
filter for the lower radio frequency band. This filter is a
low-�pass filter in one embodiment of the present inven-
tion. In an alternative embodiment, this filter is also a
band-�pass filter. Other embodiments of this filter are con-
templated as well.
�[0027] Reciprocal frequency multiplexer/ �filter circuit
140 is configured to concurrently frequency-�filter high-
and low-�frequency external RF signals received by said
implantable antenna, and to concurrently frequency-�mul-
tiplex common-�mode high-�frequency RF signals and dif-
ferential-�mode low-�frequency RF signals to form high-
and low-�frequency external RF signals, respectively, for
transmission to said one or more external devices via
said internal antenna 180, said common-�mode high- and
differential- �mode low-�frequency RF signals correspond-
ing to said internal signals generated by said implantable
component.
�[0028] As shown in FIG. 1B, circuit 140 comprises a
common-�mode enabling frequency multiplexer/�filter cir-
cuit configured to filter said high-�frequency external RF
signals received by said implantable antenna so as to
pass only said common-�mode high-�frequency RF signals
for processing to generate one or more of said internal
signals, and to multiplex common-�mode high frequency
RF signals corresponding to said internal signals re-
ceived from said implantable component to form a high-
frequency external RF signal for transmission to the one
or more external devices via said implantable antenna;
and a differential-�mode enabling frequency multiplexer/
filter circuit configured to filter said low-�frequency exter-
nal RF signals received by said implantable antenna so
as to pass only said differential- �mode low-�frequency RF
signals for processing to generate one or more of said
internal signals, and to multiplex differential-�mode low-
frequency RF signals corresponding to one or more of
said internal signals received from said implantable com-
ponent to form a low-�frequency external RF signal for
transmission to the one or more external devices via said
implantable antenna.
�[0029] FIG. 2 is an amplitude versus frequency graph
illustrating the relationship between the lower RF fre-
quencies 202 and upper RF frequencies 204. As shown
in FIG. 2, lower RF frequencies are transmitted and/or
received via closed-�wire antenna system 206 while upper
RF frequencies 204 are transmitted and/or received by
open-�ended antenna system 208.
�[0030] The resulting separation or isolation between
lower RF frequency signals; that is, the lower RF band
202, and the high RF frequency signals; that is, the upper
RF band 204, allows for simultaneous operation over
both frequency bands. Signals transmitted over upper
RF band communication link 510 from upper RF band
transmitter 110 to external devices 600 will not interfere
with signals transmitted over lower RF band communi-
cation link 320 from external devices 400 towards lower
RF band receiver 130. Transmitted signals 310 from the
lower RF band transmitter 130 towards external devices
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400 will not interfere with upper RF band signals 520 from
external devices 600 towards upper RF band receiver
110.
�[0031] FIG. 3 is a schematic diagram of one embodi-
ment of the active implantable medical device illustrated
in FIGS. 1A and 1B. Referring to FIG. 3, common-�mode
enabling frequency multiplexer/�filter circuit 141 compris-
es high-�frequency or upper RF band coupling elements
which filter the lower RF signals for upper RF transceiver
system 110. The embodiment of this circuit 141 illustrated
in FIG. 3 is comprised of two low-�valued capacitors 144.
As one of ordinary skill in the art would appreciate, circuit
111 may contain other circuit elements in addition to or
in place of capacitors 144 in alternative embodiments of
the present invention. It should also be appreciated that
the specific values of capacitors 144 may be selected by
one of ordinary skill in the art to filter a specific range of
lower frequency RF signals.
�[0032] Circuit 140 also comprises low-�frequency or
lower RF band coupling elements 142 which filter or block
high- �frequency RF signals for lower RF transceiver sys-
tem 130. The embodiment of this circuit 142 illustrated
in FIG. 3 is comprised of two low- �valued inductors 148.
As one of ordinary skill in the art would appreciate, circuit
142 may contain other circuit elements in addition to or
in place of inductors 148 in alternative embodiments of
the present invention. For example, optionally, a capac-
itor 149 may be included in circuit 142 to obtain reso-
nance at the lower RF band for improving power and data
transfer efficiency. It should also be appreciated that the
specific values of inductors 148 and capacitor 149 may
be selected by one of ordinary skill in the art to filter a
specific range of upper frequency RF signals.
�[0033] Implementing circuit 140 provides for common-
mode and differential-�mode operations, resulting in high-
frequency common-�mode RF signals 121 and low-�fre-
quency differential-�mode RF signals 122. Differential
mode is used for the closed-�wire antenna system in the
lower RF band, whereas common mode is used for the
open-�ended antenna system in the upper RF band. Be-
cause of the different modes of operation, additional elec-
trical isolation between the two transceiver systems 110
and 130 may be obtained.
�[0034] The low-�frequency communication link; that is,
the RF signals transmitted and received over lower RF
band 310, 320, are based on magnetic induction and is
preferably below approximately 30 MHz, and more pref-
erably below approximately 25 MHz, and even more pref-
erably below approximately 15 MHz. Such a low-�frequen-
cy communication link utilizes the non-�propagating qua-
si-�static magnetic field, as described above. As is well-
known in the art, the magnetic field exhibits very high roll-
off behaviour as a function of distance.
�[0035] The high-�frequency communication link; that is,
the high-�frequency external RF signals transmitted and
received over upper RF band 510/520 are based on elec-
tromagnetic field propagation, and is preferably higher
than 30 MHz, more preferably much higher than 50 MHz.

In one embodiment, such high- �frequency RF signals are
higher than 100 MHz. � The power of a plane wave in the
far-�field rolls off as one over the distance from the source
squared.
�[0036] Medical implant device 100 is able to commu-
nicate wirelessly with other devices over an upper RF
band and a lower RF band, simultaneously or consecu-
tively in time. The communication link over the lower RF
band is a magnetic induction link, operating in the reactive
near- �field. The communication link over the upper RF
band may operate in the reactive near-�field, the radiating
near-�field and/or in the propagating far- �field. Operation
in the reactive near- �field necessitates that the antennas
of the implant and the communicating device be arranged
in close proximity.
�[0037] A power transfer from external devices 400 and
600, operating in the reactive near- �field at respectively
lower RF bands and upper RF bands towards the AIMD
100, over the lower RF band 320 or upper RF band 520,
can be established with a coil antenna 180 connected to
reciprocal frequency multiplexer/ �filter 140, in combina-
tion with a ground plane 151 for the upper RF band, an
open-�ended antenna-�matching unit 120, an upper band
transceiver 110 and a lower band transceiver 130.
�[0038] In the reactive near-�field, where coils are mag-
netically closely coupled, the external device 400 could
transfer sufficient power over the lower frequency band
320 towards the AIMD to provide the implant with elec-
trical energy enabling operation or charging of its implant-
ed battery if present.
�[0039] Referring to FIG. 4, in another aspect of the
invention, an AIMD 401 may communicate with an ex-
ternal device 100 over a first, lower radio- �frequency band
and/or a second, upper radio frequency band. In this il-
lustrative embodiment, the communication link between
implant device 401 and external device 100 over lower
RF band (310, 320) is based on magnetic induction. In
one example, lower RF band communication link
310/320 utilizes the non-�propagating quasi-�static mag-
netic field (reactive near-�field). Similarly, in one example,
communication link 510 and 520 over the upper RF band
operates in the near- �field and/or in the propagating far-
field (electromagnetic field propagation).
�[0040] FIG. 4 shows an antenna 180 for an external
device 401 (e.g. a behind-�the-�ear device), physically
formed by a closed electrical loop with one or multiple
windings. Antenna 180 has the properties of both a
closed-�wire loop antenna and an open-�ended wire an-
tenna. In this embodiment, circuit 140 is implemented as
a band diplexer 1140. Antenna 180 operates furthermore
in combination with a ground plane 1150, an open-�ended
antenna matching unit 1120, an upper band transceiver
1110 and lower band transceiver 1130. As noted above,
such a ground plane can be the electrical shielding of the
encapsulation of external device 401 or a printed circuit
board ground. The configuration of band diplexer 1140
and antenna matching unit 1120 may be similar to that
of circuit 140 and antenna matching unit 120 of implant
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100. Hence, band diplexer 1140 may comprise a filter for
the lower RF band signals (differential mode signals) and
a filter for the upper RF band signals (common mode
signals).
�[0041] Antenna 180 allows for the establishment of bi-
directional data communication links over a first, lower
radio frequency band (310, 320) and over a second, up-
per radio frequency band (510, 520). The two bands may
be used simultaneously or consecutively in time for bidi-
rectional communication between external device 401
and the AIMD 100 or other devices. In order to use the
lower RF band magnetic induction link, antenna 160 of
the external device may be located at short range of in-
ternal antenna 100. Lower RF band transceiver 1130
may be a transmitter or receiver only. Similarly, upper
RF band transceiver 1110 may be a transmitter or re-
ceiver only.
�[0042] FIG. 5 illustrates an embodiment of the AIMD
of the invention as a cochlear implant 100 in a hearing
prosthesis. Cochlear implant 100 is an implantable de-
vice comprising a cochlea stimulating electrode 170 that
stimulates by applying electrical signals the auditory
nerves of the cochlea or brainstem. Depending on cause
of recipient’s deafness, a mechanical implantable actu-
ator stimulating middle or inner parts of the ear can be
placed in conjunction or as alternative. The cochlear im-
plant is implanted beneath the human skin, near the left
or right ear. The cochlear implant comprises a combined
open-�ended and closed-�wire antenna 160, and an im-
plantable battery (not shown). The implant communi-
cates with several external devices (401, 601, 602, 603)
as summed hereafter.
�[0043] A first type of external device is behind- �the-�ear
(BTE) device 401, which comprises a dual-�band coil an-
tenna 180 according to the one of FIG. 4. Antenna 180
is a combined open- �ended and closed-�wire antenna sim-
ilar to the principle of the combined coil antenna of an
implant. BTE device 401 allows wireless bidirectional da-
ta transfer (310, 320) over the lower RF band. Therefore,
either coil antenna 180 or headpiece 470 may be used.
Coil antenna 180 creates a magnetic induction link with
the dual-�band coil antenna 160 of the implant. Headpiece
470 is a coil antenna, which may be connected externally
to the BTE device 401. This allows the attachment of
headpiece 470 in close proximity to the combined coil
antenna 160 of the implant device 100. Attachment or
fixation between headpiece 470 and antenna coil 160 of
the implant may be done by a permanent magnet. Head-
piece 470 is particularly useful for wireless transcutane-
ous power transfer over the lower frequency band 320.
�[0044] The behind- �the-�ear device 401 may further
comprise a microphone system 440, human interface
controls and buttons 420, a small display 430, in-�the-�ear
speaker 460, digital and analogue inputs and outputs
450, signal processing circuits, memory and batteries.
�[0045] A second type of behind-�the-�ear device 601 is
capable of communicating wirelessly over an upper RF
band. The bidirectional data transfer over that upper RF

band uses electromagnetic field propagation (510, 520).
Therefore, BTE device 601 comprises an open- �ended
antenna 610, e.g. of monopole or dipole type. BTE device
601 may further comprise a microphone system 640, hu-
man interface controls and buttons 620, a small display
630, an in-�the-�ear speaker 660, digital and analog inputs
and outputs 650, signal processing circuits, memory and
batteries. BTE device 401 may equally well act as BTE
device 601, as it comprises a dual band antenna 180 of
the invention.
�[0046] Another type of external device is a remote con-
trol or handheld device 602, which incorporates a receiv-
er and transmitter system with antenna 610 for bidirec-
tional wireless communication (510, 520) in the upper
RF band. The remote control 602 may comprise a micro-
phone system 640, human interface controls and buttons
620, a display 630, digital and analogue inputs and out-
puts 650, signal processing circuits, memory and batter-
ies.
�[0047] An additional type of external device is an in-
the-�ear device 603, comprising a transmitter system with
antenna 610 for unidirectional wireless communication
520 in the upper RF band. The in- �the-�ear device 603 may
comprise a microphone system, human interface con-
trols and buttons, signal processing circuits, memory and
batteries.
�[0048] The radiating elements (antennas) 610 of the
second type of behind- �the-�ear device 601, the remote
control 602 and in-�the-�ear device 603 are open-�ended
wire antennas such as monopole, stub, helix or helical
wound coil, meander or dipole antennas. In case of a
dipole antenna, no ground plane is needed.
�[0049] FIG. 6 illustrates other system combinations. A
remote control 402, a BTE device 403 and an in- �the-�ear
device 404 may communicate uni- or bi-�directionally with
implant 100 over a lower RF band by using a coil antenna
480 to create a magnetic induction link with the dual-�band
coil antenna 160 of the implant. Therefore, remote control
402, BTE device 403 and in-�the- �ear device 404 each
comprise a closed-�wire antenna 480 for wireless com-
munication over a lower RF band.
�[0050] Since the implant can operate simultaneously
in the lower and upper RF bands by implementation of
two transceivers, bilateral or binaural communication be-
tween two BTEs or even two implants is supported in one
RF band, whilst having a supplementary communication
link in the other RF band. External devices 401, 402, 403
and 404 may also communicate with each other via the
lower RF link. External devices 601, 602, 603 may com-
municate with each other via the upper RF link. A remote
unit 402 or 602 may communicate with the implant 100
via a BTE device 401 or respectively 403 or 601. Bilateral
communication comprises telemetry, control data, sig-
nalling data and audio streaming.
�[0051] The wireless communication links of the
present invention may be used for controlling and pro-
gramming medical implant devices. The two-�band com-
munication capabilities of the implant devices of this em-
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bodiment of the invention facilitate energy optimization.
Battery cells supply implant devices with power, provid-
ing the recipient with limited duration autonomy. Since
recipients and the market demand for longer system au-
tonomy and miniaturization, an optimized design of the
wireless communication link with very low power con-
sumption is required.
�[0052] According to an additional aspect of the inven-
tion, a method of wireless communication is provided be-
tween any AIMD of the invention and an external device,
such as a remote control unit or a remote programmable
unit. Embodiments of the present method allow to reduce
energy consumption of the AIMD. According to the meth-
od, the forward wireless communication from the external
device to the AIMD operates over the lower band mag-
netic induction link (near-�field communication) and the
backward wireless communication from the AIMD to the
external device operates over the upper band electro-
magnetic field propagation link (far-�field communication).
Over a long range, an EM-�field wireless communication
uses a lower amount of energy resources than an MI field
wireless communication. Hence, the method allows for
a reduction in power consumption of the AIMD of the
invention.
�[0053] Furthermore, in case that the forward commu-
nication takes place over the magnetic induction link only,
an upper RF band receiver is not required on the AIMD.
In case that the backward communication takes place
over the electromagnetic field propagation link only, a
magnetic induction transmitter is not required on the
AIMD. This facilitates the reduction in size of the AIMD.
�[0054] According to a further aspect of the invention,
a method of wireless communication is provided between
a fitting system and a hearing aid system. Since recipi-
ents of hearing aid systems have different auditory de-
fects, each hearing aid device must be adjusted, "fitted"
or "mapped" specifically to an individual’s needs and
his/her responses to sound. This fitting process requires
an initial appointment with an audiologist at a clinical im-
plant center. The fitting process adjusts the "map" as the
brain adapts to incoming sound. Wireless fitting or map-
ping offers benefit to the audiologist and to the recipients,
especially when the recipient is a child. The method of
the invention optimizes the power consumption at recip-
ient’s side during fitting sessions by selecting a dedicated
wireless technology for forward link and another dedicat-
ed wireless technology for back-�data link.
�[0055] The fitting system generally is a remote, exter-
nal programmable unit, such as a PC, provided with a
wireless communication link with the recipient’s hearing
aid system. The remote programmable unit can easily
increase the magnetic field presented to the target de-
vices (BTE device or cochlear implant). This reduces am-
plification and power consumption for the target (hearing
aid) device. By way of example, the remote programming
unit (RPU) is capable of supplying more power to its MI
transmitter because the RPU is connected to the mains
(electrical wired power distribution 110 Vac / 230 Vac)

and hence has the availability of quasi unlimited power.
The power consumption of the transceiver of the hearing
aid system (e.g. transceiver 1110) hence can be made
much lower than the power consumption of the trans-
ceiver of the fitting or RPU system. Moreover, due to the
increased magnetic field, the target device need not be
equipped with a highly selective receiving filter for the MI
receiver, because a third party’s MI interference field is
strongly attenuated (inversely proportional to r3). This
saves space on the target device (BTE device, cochlear
implant).
�[0056] A further reduction in power consumption of the
target device may be attained in certain embodiments -
the hearing aid device (e.g. a BTE device or a cochlear
implant) - may be obtained by having the forward wireless
communication link from the fitting system to the device
established through magnetic induction (near-�field com-
munication) and the backward wireless communication
link from the device to the fitting system established
through electromagnetic field propagation (far-�field com-
munication). Moreover, in case the far- �field communica-
tion is always established unidirectionally (i.e. back-
ward), a far-�field receiver and selective receiving filter
may be absent on the hearing aid device. This facilitates
the saving of space on the BTE device or the cochlear
implant.
�[0057] Embodiments of the present invention may
equally be applied more in general to BTE devices. In
the case of wireless communication between a BTE de-
vice and a second external device, such as a remote
control unit or a remote programmable unit, the forward
wireless communication from the second external device
to the BTE device operates over the lower band magnetic
induction link (near-�field communication) and the back-
ward wireless communication from the BTE device to the
second external device operates over the upper band
electromagnetic field propagation link (far-�field commu-
nication). Hence, embodiments of the method also allow
for the reduction of power consumption of the BTE de-
vice.
�[0058] Furthermore, in case that forward communica-
tion takes place over the magnetic induction link only, an
upper RF band receiver is not required on the BTE de-
vice. In case that backward communication takes place
over the electromagnetic field propagation link only, a
magnetic induction transmitter is not required on the BTE
device.
�[0059] As one of ordinary skill in the art would appre-
ciate from the foregoing, there are a variety of benefits
provided by different embodiments of the present inven-
tion, including, for example, using a single antenna to
simultaneously transmit/ �receive RF signals at different
frequencies while maintaining electrical RF isolation be-
tween transceiver ports due to common-�mode and dif-
ferential-�mode operations. This enables, for example, for
an implanted battery to be charged over the lower RF
band simultaneously in time with a bidirectional commu-
nication link in the upper RF band. As another example,
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coexistence and simultaneous operation between the ex-
isting 5 MHz power/�data link and any other wireless ex-
ternal devices is possible.
�[0060] It is noted that certain embodiments of circuit
140, including the band diplexer described above, con-
tain physical small surface mount (SMT) elements, since
in certain embodiments the capacitor and inductance val-
ues are very small, e.g. 10pF and 100nH for lumped el-
ements.
�[0061] Magnetic induction technology is most opti-
mized for power transfer towards the implant and bidi-
rectional communication links ranging, in one example
30 cm or shorter, whereas electromagnetic bidirectional
communication links reaches ranges of several meters
or more.
�[0062] As one of ordinary skill in the art would appre-
ciate, which provide improved or at least alternative wire-
less communication possibilities compared to prior art
devices and wireless communication methods. Active
implantable medical devices envisaged by the present
invention include, but are not limited to, cochlear im-
plants, nerve stimulators, pace makers, glucose meters,
and any other type of active implantable medical device
requiring wireless communication.
�[0063] It will be appreciated that the present invention
may be applied with numerous variations to the embod-
iments described, and with the addition of further fea-
tures.
�[0064] Further features and advantages of the present
invention may be found in U.S. Provisional Application
No. 60/924,807, entitled "IMPLANTABLE MEDICAL DE-
VICE WITH INTEGRATED ANTENNA SYSTEM," and
filed on May 31, 2007, and U.S. Provisional Application
No. 60/924,800, entitled "HEARING AID DEVICE WITH
ANTENNA," and filed on May 31, 2007 which are hereby
incorporated by reference herein.
�[0065] The invention described and paraed herein is
not to be limited in scope by the specific preferred em-
bodiments herein disclosed, since these embodiments
are intended as illustrations, and not limitations, of sev-
eral aspects of the invention. Any equivalent embodi-
ments are intended to be within the scope of this inven-
tion. Indeed, various modifications of the invention in ad-
dition to those shown and described herein will become
apparent to those skilled in the art from the foregoing
description. Such modifications are also intended to fall
within the scope of the appended claims.

PREFERRED EMBODIMENTS OF THE INVENTION

�[0066] Preferred embodiments of the invention are
specified in the following paragraphs:�

1. An implantable medical device having an implant-
able component configured to receive and/or gener-
ate internal data and/or power signals, comprising:�

an implantable antenna at which external radio

frequency (RF) signals are transmitted to and/or
received from one or more devices positionable
external a patient’s body; and
a reciprocal frequency multiplexer/�filter circuit
configured to concurrently frequency-�filter high-
and low-�frequency external RF signals received
by said implantable antenna, and to concurrent-
ly frequency-�multiplex common- �mode high-�fre-
quency RF signals and differential-�mode low-
frequency RF signals to form high- and low-�fre-
quency external RF signals, respectively, for
transmission to said one or more external de-
vices via said internal antenna, said common-
mode high- and differential-�mode low-�frequency
RF signals corresponding to said internal sig-
nals generated by said implantable component.

2. The implantable medical device of para 1, wherein
said circuit comprises:�

a common- �mode enabling frequency multiplex-
er/ �filter circuit configured to filter said high-�fre-
quency external RF signals received by said im-
plantable antenna so as to pass only said com-
mon- �mode high-�frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex common-�mode
high frequency RF signals corresponding to said
internal signals received from said implantable
component to form a high-�frequency external
RF signal for transmission to the one or more
external devices via said implantable antenna;
and
a differential-�mode enabling frequency multi-
plexer/�filter circuit configured to filter said low-
frequency external RF signals received by said
implantable antenna so as to pass only said dif-
ferential- �mode low-�frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex differential-�mode
low-�frequency RF signals corresponding to one
or more of said internal signals received from
said implantable component to form a low-�fre-
quency external RF signal for transmission to
the one or more external devices via said im-
plantable antenna.

3. The medical device of para 1, wherein said internal
antenna comprises:�

one or more windings.

4. The medical device of para 1, wherein said low-
frequency external RF signals comprise:�

a magnetoinductive (MI) near- �field signal.

5. The medical device of para 1, wherein said low-
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frequency external RF signals comprise:�

a reactive near-�field signal.

6. The medical device of para 1, wherein said high-
frequency external RF signals comprise:�

a radiating near-�field signal.

7. The medical device of para 1, wherein said high-
frequency external RF signals comprise:�

an electromagnetic (EM) far-�field signal.

8. The medical device of para 1, further comprising:�

a lower RF band transceiver, connected to said
circuit, configured to process said low-�frequency
differential-�mode RF signals generated by said
circuit to generate said one or more of said in-
ternal signals; and
an upper RF band transceiver, connected to said
circuit, configured to process said high-�frequen-
cy differential-�mode RF signals generated by
said circuit to generate said one or more of said
internal signals.

9. The medical device of para 8, wherein said trans-
ceivers are each configured to unidirectionally trans-
fer power from said internal antenna to components
of the medical device using a reactive near field.

10. The medical device of para 1, wherein the fre-
quency of said low- �frequency external RF signals
are below or equal to approximately 40 MHz.

11. The medical device of para 10, wherein the fre-
quency of said low-�frequency external RF signals
are below or equal to approximately 30 MHz.

12. The medical device of para 11, wherein the fre-
quency of said low-�frequency external RF signals
are below or equal to approximately 25 MHz.

13. The medical device of para 1, wherein the fre-
quency of said high-�frequency external RF signals
are above or equal to approximately 20 MHz.

14. The medical device of para 13, wherein the fre-
quency of said high- �frequency external RF signals
are above or equal to approximately 30 MHz.

15. The medical device of para 14, wherein the fre-
quency of said high- �frequency external RF signals
are above or equal to approximately 50 MHz.

16. The medical device of para 15, wherein the fre-
quency of said high- �frequency external RF signals

are above or equal to approximately 100 MHz.

17. The medical device of para 1, further comprising:�

an antenna matching unit, operationally coupled
to said circuit, configured to match impedance
of said internal antenna to an open-�ended an-
tenna for transmitting and receiving said high-
frequency external RF signals.

18. The medical device of para 1, wherein one or
more of either said first and second signal comprises
a data signal from the group consisting of:�

telemetry data signal;
control data signal;
signalling data signal; and
audio streaming data signal.

19. The medical device of para 1, wherein said med-
ical device comprises:�

a cochlear implant.

20. The medical device of para 1, wherein said in-
ternal antenna comprises:�

a closed- �wire antenna; and
an open-�ended antenna.

21. A cochlear implant comprising: �

one or more external devices comprising an ex-
ternal sound processor unit to be worn on the
body of a recipient; and
an implantable medical device having an im-
plantable component configured to receive
and/or generate internal data and/or power sig-
nals, comprising: �

an implantable antenna at which external
radio frequency (RF) signals are transmit-
ted to and/or received from one or more de-
vices positionable external a patient’s body;
and
a reciprocal frequency multiplexer/ �filter cir-
cuit configured to concurrently frequency-
filter high- and low- �frequency external RF
signals received by said implantable anten-
na, and to concurrently frequency-�multiplex
common-�mode high- �frequency RF signals
and differential- �mode low- �frequency RF
signals to form high- and low-�frequency ex-
ternal RF signals, respectively, for transmis-
sion to said one or more external devices
via said internal antenna, said common-
mode high- and differential- �mode low-�fre-
quency RF signals corresponding to said in-
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ternal signals generated by said implanta-
ble component.

22. The cochlear implant of para 21, wherein said
circuit comprises:�

a common- �mode enabling frequency multiplex-
er/ �filter circuit configured to filter said high-�fre-
quency external RF signals received by said im-
plantable antenna so as to pass only said com-
mon- �mode high-�frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex common-�mode
high frequency RF signals corresponding to said
internal signals received from said implantable
component to form a high-�frequency external
RF signal for transmission to the one or more
external devices via said implantable antenna;
and
a differential-�mode enabling frequency multi-
plexer/�filter circuit configured to filter said low-
frequency external RF signals received by said
implantable antenna so as to pass only said dif-
ferential-�mode low- �frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex differential-�mode
low-�frequency RF signals corresponding to one
or more of said internal signals received from
said implantable component to form a low-�fre-
quency external RF signal for transmission to
the one or more external devices via said im-
plantable antenna.

23. The cochlear implant of para 21, wherein said
internal antenna comprises: �

one or more windings.

24. The cochlear implant of para 21, wherein said
low- �frequency external RF signals comprise:�

a magnetoinductive (MI) near- �field signal.

25. The cochlear implant of para 21, wherein said
low- �frequency external RF signals comprise:�

a reactive near-�field signal.

26. The cochlear implant of para 21, wherein said
high-�frequency external RF signals comprise: �

a radiating near-�field signal.

27. The cochlear implant of para 21, wherein said
high-�frequency external RF signals comprise: �

an electromagnetic (EM) far-�field signal.

28. The cochlear implant of para 21, further compris-
ing: �

a lower RF band transceiver, connected to said
circuit, configured to process said low-�frequency
differential-�mode RF signals generated by said
circuit to generate said one or more of said in-
ternal signals; and
an upper RF band transceiver, connected to said
circuit, configured to process said high-�frequen-
cy differential-�mode RF signals generated by
said circuit to generate said one or more of said
internal signals.

29. The cochlear implant of para 28, wherein said
transceivers are each configured to unidirectionally
transfer power from said internal antenna to compo-
nents of the medical device using a reactive near
field.

30. The cochlear implant of para 21, wherein the
frequency of said low-�frequency external RF signals
are below or equal to approximately 40 MHz.

31. The cochlear implant of para 30, wherein the
frequency of said low-�frequency external RF signals
are below or equal to approximately 30 MHz.

32. The cochlear implant of para 31, wherein the
frequency of said low-�frequency external RF signals
are below or equal to approximately 25 MHz.

33. The cochlear implant of para 21, wherein the
frequency of said high-�frequency external RF signals
are above or equal to approximately 20 MHz.

34. The cochlear implant of para 33, wherein the
frequency of said high-�frequency external RF signals
are above or equal to approximately 30 MHz.

35. The cochlear implant of para 34, wherein the
frequency of said high-�frequency external RF signals
are above or equal to approximately 50 MHz.

36. The cochlear implant of para 35, wherein the
frequency of said high-�frequency external RF signals
are above or equal to approximately 100 MHz.

37. The cochlear implant of para 21, further compris-
ing: �

an antenna matching unit, operationally coupled
to said circuit, configured to match impedance
of said internal antenna to an open-�ended an-
tenna for transmitting and receiveing said high-
frequency external RF signals.

38. The cochlear implant of para 21, wherein one or
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more of either said first and second signal comprises
a data signal from the group consisting of:�

telemetry data signal;
control data signal;
signalling data signal; and
audio streaming data signal.

39. The cochlear implant of para 21, wherein said
internal antenna comprises: �

a closed-�wire antenna; and
an open-�ended antenna.

40. The cochlear implant of para 21, wherein said
external sound processor unit comprises:�

a behind- �the-�ear (BTE) sound processor unit.

41. The cochlear implant of para 40, wherein said
BTE sound processor unit comprises:�

a connector for a closed-�wire antenna external
to said BTE sound processor unit for transcuta-
neously transferring power to said implantable
components of the cochlear implant.

42. The cochlear implant of para 40, wherein said
one or more external devices further comprises: �

a device configured to be located in-�the-�ear ca-
nal of the recipient.

43. The cochlear implant of para 40, wherein said
one or more external devices further comprises: �

one or more of either a remote control device
and a handheld device.

44. A method of bidirectional wireless communica-
tion between an implantable medical device and an
external device comprising:�

communicating unidirectionally from the exter-
nal device to the implantable medical device
over a first wireless link in a first RF band in the
MI near-�field; and
communicating unidirectionally from the im-
plantable medical device to the external device
over a second wireless link in a second RF band
in the EM- �field.

45. The method of para 44, wherein the second RF
band is in the EM far field.

46. The method of para 44, wherein said second RF
band is higher in frequency than said first RF band.

47. The method of para 44, wherein said second RF
band is higher in frequency than said first RF band.

48. An implantable medical device comprising: �

an internal antenna at which RF signals are
transmitted to and/or received from one or more
external devices; and
a band diplexer, connected to the internal an-
tenna, comprising: a first filter configured to filter
for a differential-�mode first signal to be transmit-
ted and/or received in a first RF band, and a
second filter configured to filter for a second sig-
nal to be transmitted and/or received in a second
RF band, wherein the common-�mode second
RF band is higher in frequency than the differ-
ential-�mode first RF band.

49. The implantable medical device of para 48,
wherein the antenna comprises one or multiple wind-
ings.

50. The implantable medical device of para 48,
wherein the antenna is arranged to transmit and/or
receive the first signal over an MI near- �field and ar-
ranged to transmit and/or receive the second signal
over a radiating near-�field or EM far-�field.

51. The implantable medical device of para 48,
wherein the antenna is arranged to operate simulta-
neously for transmitting or receiving the first signal
and transmitting or receiving the second signal.

52. The implantable medical device of para 48,
wherein the medical device comprises a cochlear
implant.

Claims

1. An implantable medical device having an implanta-
ble component configured to receive and/or gener-
ate internal data and/or power signals, comprising:�

an implantable antenna at which external radio
frequency (RF) signals are transmitted to and/or
received from one or more devices positionable
external a patient’s body; and
a reciprocal frequency multiplexer/�filter circuit
configured to concurrently frequency-�filter high-
and low-�frequency external RF signals received
by said implantable antenna, and to concurrent-
ly frequency-�multiplex common- �mode high-�fre-
quency RF signals and differential-�mode low-
frequency RF signals to form high- and low- �fre-
quency external RF signals, respectively, for
transmission to said one or more external de-
vices via said internal antenna, said common-
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mode high- and differential- �mode low- �frequency
RF signals corresponding to said internal sig-
nals generated by said implantable component.

2. The implantable medical device of claim 1, wherein
said circuit comprises:�

a common- �mode enabling frequency multiplex-
er/ �filter circuit configured to filter said high- �fre-
quency external RF signals received by said im-
plantable antenna so as to pass only said com-
mon- �mode high- �frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex common-�mode
high frequency RF signals corresponding to said
internal signals received from said implantable
component to form a high- �frequency external
RF signal for transmission to the one or more
external devices via said implantable antenna;
and
a differential-�mode enabling frequency multi-
plexer/�filter circuit configured to filter said low-
frequency external RF signals received by said
implantable antenna so as to pass only said dif-
ferential-�mode low- �frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex differential-�mode
low-�frequency RF signals corresponding to one
or more of said internal signals received from
said implantable component to form a low-�fre-
quency external RF signal for transmission to
the one or more external devices via said im-
plantable antenna.

3. The medical device of claim 1, wherein said low-
frequency external RF signals comprise:�

a magnetoinductive (MI) near- �field signal.

4. The medical device of claim 1, wherein said low-
frequency external RF signals comprise:�

a reactive near-�field signal.

5. The medical device of claim 1, wherein said high-
frequency external RF signals comprise:�

a radiating near-�field signal.

6. The medical device of claim 1, wherein said high-
frequency external RF signals comprise:�

an electromagnetic (EM) far-�field signal.

7. The medical device of claim 1, further comprising:�

a lower RF band transceiver, connected to said
circuit, configured to process said low-�frequency

differential-�mode RF signals generated by said
circuit to generate said one or more of said in-
ternal signals; and
an upper RF band transceiver, connected to said
circuit, configured to process said high-�frequen-
cy differential- �mode RF signals generated by
said circuit to generate said one or more of said
internal signals.

8. The medical device of claim 7, wherein said trans-
ceivers are each configured to unidirectionally trans-
fer power from said internal antenna to components
of the medical device using a reactive near field.

9. The medical device of claim 1, further comprising:�

an antenna matching unit, operationally coupled
to said circuit, configured to match impedance
of said internal antenna to an open-�ended an-
tenna for transmitting and receiving said high-
frequency external RF signals.

10. The medical device of claim 1, wherein said medical
device comprises:�

a cochlear implant.

11. A cochlear implant comprising: �

one or more external devices comprising an ex-
ternal sound processor unit to be worn on the
body of a recipient; and
an implantable medical device having an im-
plantable component configured to receive
and/or generate internal data and/or power sig-
nals, comprising: �

an implantable antenna at which external
radio frequency (RF) signals are transmit-
ted to and/or received from one or more de-
vices positionable external a patient’s body;
and
a reciprocal frequency multiplexer/ �filter cir-
cuit configured to concurrently frequency-
filter high- and low-�frequency external RF
signals received by said implantable anten-
na, and to concurrently frequency- �multiplex
common-�mode high-�frequency RF signals
and differential-�mode low- �frequency RF
signals to form high- and low-�frequency ex-
ternal RF signals, respectively, for transmis-
sion to said one or more external devices
via said internal antenna, said common-
mode high- and differential-�mode low-�fre-
quency RF signals corresponding to said in-
ternal signals generated by said implanta-
ble component.
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12. The cochlear implant of claim 11, wherein said circuit
comprises: �

a common- �mode enabling frequency multiplex-
er/ �filter circuit configured to filter said high- �fre-
quency external RF signals received by said im-
plantable antenna so as to pass only said com-
mon- �mode high- �frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex common-�mode
high frequency RF signals corresponding to said
internal signals received from said implantable
component to form a high- �frequency external
RF signal for transmission to the one or more
external devices via said implantable antenna.

13. The cochlear implant of claim 12, wherein said circuit
further comprises: �

a differential-�mode enabling frequency multi-
plexer/�filter circuit configured to filter said low-
frequency external RF signals received by said
implantable antenna so as to pass only said dif-
ferential-�mode low- �frequency RF signals for
processing to generate one or more of said in-
ternal signals, and to multiplex differential-�mode
low-�frequency RF signals corresponding to one
or more of said internal signals received from
said implantable component to form a low-�fre-
quency external RF signal for transmission to
the one or more external devices via said im-
plantable antenna.

14. The cochlear implant of claim 13, wherein said low-
frequency external RF signals comprise:�

a magnetoinductive (MI) near- �field signal.

15. The cochlear implant of claim 13, wherein said low-
frequency external RF signals comprise:�

a reactive near-�field signal.

16. The cochlear implant of claim 13, wherein said high-
frequency external RF signals comprise:�

a radiating near-�field signal.

17. The cochlear implant of claim 13, wherein said high-
frequency external RF signals comprise:�

an electromagnetic (EM) far-�field signal.

18. The cochlear implant of claim 13, further comprising:�

a lower RF band transceiver, connected to said
circuit, configured to process said low-�frequency
differential-�mode RF signals generated by said

circuit to generate said one or more of said in-
ternal signals; and
an upper RF band transceiver, connected to said
circuit, configured to process said high-�frequen-
cy differential- �mode RF signals generated by
said circuit to generate said one or more of said
internal signals.

19. The cochlear implant of claim 18, wherein said trans-
ceivers are each configured to unidirectionally trans-
fer power from said internal antenna to components
of the medical device using a reactive near field.

20. The cochlear implant of claim 13, wherein said inter-
nal antenna comprises:�

a closed-�wire antenna; and
an open-�ended antenna.

21. The cochlear implant of claim 13, wherein said ex-
ternal sound processor unit comprises:�

a behind-�the-�ear (BTE) sound processor unit.

22. The cochlear implant of claim 21, wherein said BTE
sound processor unit comprises:�

a connector for a closed-�wire antenna external
to said BTE sound processor unit for transcuta-
neously transferring power to said implantable
components of the cochlear implant.

23. A method of bidirectional wireless communication
between an implantable medical device and an ex-
ternal device comprising:�

communicating unidirectionally from the exter-
nal device to the implantable medical device
over a first wireless link in a first RF band in the
MI near-�field; and
communicating unidirectionally from the im-
plantable medical device to the external device
over a second wireless link in a second RF band
in the EM-�field.

24. The method of claim 23, wherein the second RF band
is in the EM far field.

25. The method of claim 23, wherein said second RF
band is higher in frequency than said first RF band.

26. The method of claim 23, wherein said second RF
band is higher in frequency than said first RF band.
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